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Abstract
Background: The disease burden due to heat-stress illness (HSI), which can result in significant morbidity and mortality,
is expected to increase as the climate continues to warm. In the United States (U.S.) much of what is known about HSI
epidemiology is from analyses of urban heat waves. There is limited research addressing whether HSI hospitalization risk
varies between urban and rural areas, nor is much known about additional diagnoses of patients hospitalized for HSI.
Methods: Hospitalizations in Illinois for HSI (ICD-9-CM codes 992.x or E900) in the months of May through September
from 1987 to 2014 (n= 8667) were examined. Age-adjusted mean monthly hospitalization rates were calculated for each
county using U.S. Census population data. Counties were categorized into five urban-rural strata using Rural Urban
Continuum Codes (RUCC) (RUCC1, most urbanized to RUCC5, thinly populated). Average maximum monthly temperature
(°C) was calculated for each county using daily data. Multi-level linear regression models were used, with county as the
fixed effect and temperature as random effect, to model monthly hospitalization rates, adjusting for the percent of county
population below the poverty line, percent of population that is Non-Hispanic Black, and percent of the population that is
Hispanic. All analyses were stratified by county RUCC. Additional diagnoses of patients hospitalized for HSI and charges for
hospitalization were summarized.
Results: Highest rates of HSI hospitalizations were seen in the most rural, thinly populated stratum (mean annual summer
hospitalization rate of 1.16 hospitalizations per 100,000 population in the thinly populated strata vs. 0.45 per 100,000 in
the metropolitan urban strata). A one-degree Celsius increase in maximum monthly average temperature was associated
with a 0.34 increase in HSI hospitalization rate per 100,000 population in the thinly populated counties compared with 0.
02 per 100,000 in highly urbanized counties. The most common additional diagnoses of patients hospitalized with HSI
were dehydration, electrolyte abnormalities, and acute renal disorders. Total and mean hospital charges for HSI cases
were $167.7 million and $20,500 (in 2014 US dollars).
Conclusion: Elevated temperatures appear to have different impacts on HSI hospitalization rates as function of
urbanization. The most rural and the most urbanized counties of Illinois had the largest increases in monthly
hospitalization rates for HSI per unit increase in the average monthly maximum temperature. This suggests
that vulnerability of communities to heat is complex and strategies to reduce HSI may need to be tailored to
the degree of urbanization of a county.
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Background
Illness associated with heat is the most common cause
of weather-related deaths in the United States [1]. Heat-
stress illness (HSI) ranges in severity from relatively mild
heat cramps to life-threatening heat stroke [2, 3]. HSI
was the primary cause of environmental exposure-
related injuries treated in emergency departments in the
U.S. from 2001 to 2004 [4]. Estimates of total health care
costs based on Medicare claims data associated with
hyperthermia were more than $36 million for 2004–
2005 [5]. The observed rise in temperature over the past
fifty years in the U.S. [6] and globally [7] is expected to
continue this century. Consequently, the HSI disease
burden is expected to increase.
High ambient temperature is associated with mortality
[8], though most of the studies that describe that associ-
ation focus on urban areas [9, 10] or urban heat waves
[11–18]. Studies have typically described a non-linear rela-
tionship between temperature and mortality rate however,
there is much variation based on location [10, 19]. This
spatial heterogeneity suggests that populations may adapt
to regional norms. Areas unaccustomed to heat, such as
cities in the north, are more vulnerable and demonstrate
higher mortality rates at lower absolute temperatures
[10, 20]. These relationships also vary by confounding
factors such as population density, socioeconomic status,
and access to air conditioning [21]. The elderly, very
young, and those with underlying medical conditions are
the most vulnerable to heat-related mortality [22–24].
Similar to findings with mortality, studies have shown a
non-linear relationship between temperature and morbidity
[17, 23, 25–27]. These studies have focused on a variety of
outcomes impacted by heat, including cardiovascular dis-
ease, respiratory diseases, and asthma [25, 27–29]. Recent
studies utilizing emergency dispatch data demonstrated
that morbidity rates are strongly associated with
temperature increases [30–32]. Among the elderly, emer-
gency department visits and hospitalizations for a variety of
health conditions are more frequent during extreme heat
events [25, 33–35]. Less research has focused on morbidity
due to HSI itself, as opposed to morbidity due to other con-
ditions impacted by heat [33, 36].
While research on heat-related morbidity has focused
on urban areas, agricultural workers appear to be
vulnerable to heat-related mortality [37] and morbidity
[38, 39] due to their increased exposure to high temper-
atures, and perhaps the physical exertion that is required
by their jobs. The rate of heat-related occupational fatal-
ities is approximately 20 times higher for crop produc-
tion workers than for U.S. workers overall (0.39 vs. 0.02
per 100,000 workers) [37]. Nevertheless, there has been
limited research focusing on the variability in HSI be-
tween urban and rural areas. A study looking at HSI in
North Carolina found the highest rates of morbidity and
strongest associations with increasing temperature in the
most rural areas studied [40]. Similarly, a study using
Environmental Public Health Tracking Data found
higher rates of emergency department visits for HSI in
rural areas in all 14 states considered [41]. Limited re-
search on heat morbidity in rural areas may be due to
lack of adequate data in rural areas and also due to an
interest in the urban heat island effect [23].
In this study, we use health, weather, and urbanization
data from the state of Illinois to assess differences in associ-
ations between summer temperatures and hospitalizations
for HSI as a function of urbanization. We also characterize
clinical and economic aspects of HSI hospitalizations. Char-
acterizing the relationship between temperature and
urbanization on HSI rates will improve our understanding
of the ambient temperature-HSI morbidity relationship and
it can be useful for public health preparedness efforts.
Methods
Hospitalization data
We utilized hospital discharge data from the Illinois
Department of Public Health (IDPH) Hospital Discharge
Database. The database includes discharge data from 97%
of Illinois hospitals; the remaining non-member hospitals
are located in Cook County, a primarily urban area encom-
passing the city of Chicago, and account for 7% of all Cook
County hospitalizations [42]. Each record includes patient
demographics, county of residence, and up to nine diagno-
ses codes. Diagnoses were coded using the International
Classification of Diseases, 9th Revision, Clinical Modifica-
tion (ICD-9-CM). Heat-related illness was defined as
including diagnosis of ICD-9-CM 992.x, effect of heat or
light, that includes heat stroke, heat syncope, and heat
exhaustion, or ICD-9-CM E900, accidents due to heat as
any one of the diagnoses (up to nine per case) recorded.
Due to the low number of cases with relevant diagnoses,
data were provided aggregated monthly. Cases were limited
to the summer months, May through September, for the
28-year period from 1987 to 2014.
Age-adjusted mean summer monthly HSI hospitalization
rates were calculated per 100,000 population for each
county by year using direct standardization methods. To
account for changes in the population over the 28-year
study period, the study period was divided into three time
periods and corresponding population data were used to
calculate rates. For the years 1987–1994, the 1990 Census
data [43] was used as the denominator, for years 1995–
2004, the 2000 Census data [43] was as the denominator,
and for the years 2005–2014, the 2010 Census data [43]
was used as the denominator. Nine age categories were
created, 0–9 years, 10–19 years, 20–29 years, 30–39 years,
40–49 years, 50–59 years, 60–69 years, 70–79 years,
and ≥80 years of age. Average summer monthly HSI
hospitalization rates by county are shown in Fig. 1.
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Fig. 1 Map of Illinois showing urban/rural classifications and average monthly summer age-adjusted hospitalization rate for heat-stress illness (per
100,000 population) by county for the 28-year study period. Cook: Cook County, that contains the City of Chicago
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Urban/rural stratification
Counties were categorized into five urban/rural strata
using Rural Urban Continuum Codes (RUCC) [44]. The
original nine continuum codes were aggregated into five
strata for this analysis: RUCC1 (original RUCC1), metro-
politan urbanized, (>1 million population); RUCC2 (ori-
ginal RUCC2 and RUCC3), metropolitan urbanized (< 1
million population); RUCC3 (original RUCC4 and
RUCC5), non-metropolitan urbanized; RUCC 4 (original
RUCC6 and RUCC7), less urbanized; RUCC5 (original
RUCC8 and RUCC9), thinly populated.
Temperature data
Daily weather data for the 28-year study period were ob-
tained from the Midwest Regional Climate Center [45].
These data were collected from 235 weather stations lo-
cated throughout the state of Illinois. Of these, 81 sta-
tions only provided data on precipitation and were not
used for this analysis. The remaining 154 stations pro-
vided data on temperature for some or all of the 28-year
study period. Most counties had at least one station that
provided data and several had more than one station
(Fig. 2). Counties without a monitoring station were
assigned temperature from the nearest monitoring sta-
tion. Data collected at each station included daily max-
imum, minimum, and mean temperature. Utilizing all
available data for the county, we calculated average
monthly maximum temperature, minimum temperature,
and mean temperature, in degrees Celsius, for each sum-
mer month, May–September, in the study period.
Covariate data
For each Illinois county, we complied the percent of
population below the poverty level, percent of popula-
tion that was non-Hispanic Black, and percent of popu-
lation that was Hispanic [43]. Covariate data for the
years 1987–1994, 1995–2004, and 2005–2014 were ob-
tained from the 1990, 2000, and 2010 Census,
respectively.
Statistical analysis
We assessed associations between monthly average max-
imum temperature and age-adjusted monthly rates of hos-
pitalizations for HSI at the county-level. All analyses were
stratified by the five urbanization strata. The association be-
tween monthly mean temperature with monthly county
hospitalization rates for HSI were assessed using random
slope, random intercept multi-level linear regression
models. County of residence was considered a fixed effect
and temperature as the random effect (Eq. 1). In addition,
analyses were adjusted for county level covariates including,
percent of population below the poverty level, percent of
the county population that was non-Hispanic Black, and
percent of population that was Hispanic.
Y ij ¼ β0 þ β1Xi þ b0i þ b1ixij ð1Þ
Where:
Yij = outcome rates (HSI hospitalization) for the i
th
county and the jth month,
Xi = indicator variable for the i
th county (fixed effect),
xij = exposure measurement (mean temperature) for
the ith county and the jth month (random effect).
In this model Xi represents a fixed effect for each
county and xij, the mean temperature, accounts for a
random effect. Models were also adjusting for county-
level population below the poverty level, percent of the
county population that was non-Hispanic Black, and
percent of population that was Hispanic.
Results are reported as a change in hospitalization rate
per 1 °C change in maximum monthly average
temperature and 95% confidence intervals (CIs). To
evaluate whether urban/rural differences in HSI rates
might be attributable to a severe heat wave in 1995 that
impacted much of the Midwest, including Illinois, and
resulted in an estimated 739 fatalities [18] in the most
populous urban county in Illinois (Cook County), ana-
lyses were conducted with and without 1995 data. Ana-
lyses were conducted using R version 3.3.1 (R
Foundation for Statistical Computing) and SAS (SAS In-
stitute, Cary, NC), version 9.4.
This work, that involved the analysis of a dataset that
had personal identifiers removed or grouped into cat-
egories (such as age) was determined not to involve hu-
man research subjects by the UIC Institutional Review
Board (Protocol 2013-0172).
Clinical and economic analyses
Comorbidities of individuals hospitalized for HSI were
identified using the nine additional ICD-9-CM diagnosis
codes. Conditions that are clearly chronic (essential
hypertension, diabetes) were not considered. Those that
are acute (syncope or fainting; dehydration with electro-
lyte abnormality), chronic but potentially worsened by
heat stress, or acute due to heat stress (renal insuffi-
ciency, atrial fibrillation) were considered. Furthermore,
some conditions (urinary tract infection) may have
developed after the patient had been admitted to the
hospital. The hospital discharge dataset contained infor-
mation about length of stay and charges for each admis-
sion that we tabulated. We used the U.S. Bureau of
Labor Statistics data to convert hospital charges to 2014
dollars [46].
Results
From 1987 to 2014, 8856 hospitalizations for HSI oc-
curred in Illinois in the months of May through Septem-
ber. Of those, 136 were not residents of Illinois
(primarily these individuals were residents of Missouri
Jagai et al. Environmental Health  (2017) 16:38 Page 4 of 10
Fig. 2 Map of Illinois showing annual average summer monthly maximum temperature in degrees Celsius by county and locations of weather
stations. Cook: Cook County, that contains the City of Chicago
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or Indiana) and 148 were residents of Illinois with an
unknown county of residence, leaving 8667 residents of
Illinois whose county of residence was known. All ana-
lyses described herein are limited to these 8667 cases.
The annual mean number of HSI hospitalizations was
308 cases (range: 69–1511). Excluding 1995, the annual
mean was 254 cases (range: 69–508). Males accounted
for 5322 (61.7%) of cases. The largest number of HSI
hospitalizations and highest rate was seen in those aged
≥80 years (Table 1). Within each age category, rates of
hospitalizations generally increased within decreasing
urbanicity. However, in the older age category, 80+
years, the highest rates were seen in the metropolitan
(>1 million population) counties.
HSI hospitalization rates varied substantially across
counties (Fig. 1). The mean summer age-adjusted rate
per county ranged from 4.46 cases/100,000 population
(Pope County) to <1 case/100,000 population (16 coun-
ties). Cook County, that contains the City of Chicago,
accounted for 3731 (44.6%) of all cases over the 28-year
period, but the lowest age-adjusted rate (0.13/100,000
population). Nearly half (49.1%) of HSI hospitalizations
among Illinois residents occurred during the month of
July; excluding data from 1995 that percent was 42.6%.
In general, the highest summer temperatures are seen in
the southern part of the state, which is also the least ur-
banized area of Illinois (Fig. 2).
A significant association between mean monthly max-
imum temperature and HSI hospitalization rates by
county was observed for Illinois overall (Fig. 3). For
Illinois counties overall, a 1 °C increase in maximum
monthly average temperature was associated with a 0.12
increase in rate of hospitalizations per 100,000 popula-
tion (95% Confidence Interval (CI): 0.07, 0.17). The
strongest association, though not significant at a p = 0.05
level, was seen in the most thinly populated stratum,
where a 1○C increase in maximum monthly average
temperature was associated with a 0.34 (95% CI: −0.10,
0.78) increase in HSI hospitalization rate per 100,000
population. By comparison, a 1○C increase in max-
imum monthly average temperature was associated
with a 0.02 (95% CI: −0.003, 0.04) increase in HSI
hospitalization rate per 100,000 population in the
metropolitan urban (> 1 million population) stratum.
Excluding the 1995 data had minimal impact on the
monthly temperature-monthly hospitalization associ-
ation, with the exception of the thinly populated strata,
that demonstrated a large decrease in the effect esti-
mate (Fig. 3).
Sensitivity analysis included an evaluation of associa-
tions with monthly minimum temperature and mean
monthly temperature. Due to the high correlation
between maximum, minimum and mean temperature,
there was minimal change in effect estimates and the
overall trends demonstrated remained the same (data
not shown).
The mean and median length of an HSI hospital stay
was 3.7 and 2.0 days, respectively (range: 1–122 days).
Total and mean per person hospital charges in 2014
dollars were $167.7 million and $20,050, respectively.
The most common concurrent diagnoses among HSI
cases were dehydration, electrolytes/acid-base abnor-
malities, and acute renal failure (Table 2). Other
concurrent conditions known to be associated with
heat stress include syncope and rhabdomyolysis.
Rhabdomyolysis, that can lead to multisystem organ
failure, was more common in the younger age categor-
ies (chi square p < 0.0001). While individuals <50 years
of age accounted for 26.2% of HSI hospitalizations
overall, they accounted for 50.3% of HSI cases compli-
cated by rhabdomyolysis. In addition, several chronic
conditions were common among cases of HSI,
Table 1 Number and overall rate of summer hospitalizations of heat-stress illness (per 100,000 population) over the 28-year study period by
rural/urban stratification (RUCC1–metropolitan urbanized (> 1 million population); RUCC2–metropolitan urbanized (< 1 million population);
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hypertension (27%), diabetes (8.8%), congestive heart
failure (7.4%), and chronic obstructive pulmonary
disease (5.1%).
Discussion
We assessed the association between the average
maximum monthly temperature and rates of HSI
hospitalization among Illinois counties. We utilized data
for at 28-year study period, 1987–2014 focusing on the
summer seasons (May to September). Previous epi-
demiological literature has focused on urban areas. Our
study covers the entire state of Illinois and therefore we
were able to assess differences by urban/rural strata.
We collapsed the nine rural urban continuum codes
[44] into five strata to assess the relationship between
mean monthly maximum temperature and hospitaliza-
tions for HSI along the continuum of urban metropol-
itan to thinly populated areas. In Illinois, we found that
HSI hospitalization rates and the temperature-
hospitalization response function was the strongest in
the thinly populated strata. This stratum is the most
isolated strata from the urban and suburban centers in
the state. These results are consistent with recent studies
that demonstrated elevated risk in rural areas for emer-
gency room visits for HSI across the U.S. [41, 47] and in
North Carolina [40], though those studies did address
hospitalization.
There are several possible factors contributing to sus-
ceptibility of the most rural areas to heat-stress illness.
Studies of urban heat waves have demonstrated that liv-
ing alone, lack of air conditioning, and underlying med-
ical conditions are risk factors for mortality [13, 15];
these same factors may affect residents in rural areas.
Particularly in Illinois, following the 1995 heat wave,
several prevention measures were put in place in the
City of Chicago, including heat warning systems, com-
munity outreach initiatives, and cooling centers [13].
Similar efforts may not have been implemented to a
comparable extent in rural areas.
In Illinois, the counties identified as thinly populated
are also agricultural counties. The relatively high propor-
tion of the population engaged in physically-demanding,
outdoor work in those counties may account for the
steeper slope of the temperature-HSI association (Fig. 3).
Our data demonstrated a more pronounced difference in
rates by urban/rural strata in those less than 60 years of
age, suggesting that occupational factors might place
workers at risk for HSI that is consistent with previous
literature [37, 38]. Previous literature regarding the use
Fig. 3 Estimated change in heat-stress illness per 1 °C change in maximum monthly average temperature (after adjustment for county percent below
poverty level, percent population Black, and percent population Hispanic) and 95% confidence intervals for all counties and by rural/urban stratification
(RUCC1–metropolitan urbanized (> 1 million population); RUCC2–metropolitan urbanized (< 1 million population); RUCC3–non-metropolitan urbanized;
RUCC 4–less urbanized; RUCC5–thinly populated) for all study years, 1987–2014, and excluding 1995, the year of the heatwave
Table 2 Most common co-morbid diagnoses listed with
hospitalizations for heat-stress illness in Illinois, 1984–2014. Note that
percentages do not sum to 100% as hospitalized patients typically
had multiple diagnoses
Diagnosis ICD-9 codes Frequency
(percent)
Dehydration 276.5, 276.51, 276.52 3694 (42.6)
Electrolyte, acid-base
abnormality
276.1, 276.2, 276.3, 276.4,
276.7, 276.8, 276.9
1445 (16.7)
Acute renal failure 584, 584.5, 584.6, 584.7, 584.8,
594.9
1021 (11.8)
Urinary tract infection 599.0 808 (9.3)
Syncope (fainting) 780.2 781 (9.0)
Rhabdomyolysis 728.88 549 (6.3)
Atrial fibrillation 427.31 514 (5.9)
Respiratory failure 518.81 299 (3.5)
Altered mental status 293.0, 780.02 92 (1.1)
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of hospitalization data has suggested that hospitalizations
in rural areas may be underreported compared with urban
areas [40]; therefore, the effect demonstrated in rural areas
may be an underestimate of the true effect of heat in rural
areas of Illinois.
Exposure to extreme heat is known to have a complex
set of physiological effects on multiple organ systems. We
found fluid and electrolyte balance and acute failure to be
the two most common comorbidities associated with HSI
in Illinois that is consistent with previous studies [48, 49].
Increased risk of hospitalization among the elderly for fluid
and electrolyte disorders, renal failure, urinary tract infec-
tion, septicemia, and heat stroke heat wave days compared
with non-heat wave days has been documented [50]. The
costs associated with heat events can also have significant
impacts. Previous analyses of the California heat wave,
which lasted about 15 days, estimated the total costs to be
$5.4 billion dollars (in 2008 dollars) of which $2.8 billion
was the cost of hospitalizations [25, 51]. While our results
are not directly comparable, since we are not evaluating a
specific heat wave, we found that total hospitalizations in
Illinois for HSI cost $167.7 million dollars (2014 dollars) for
the 28-year study period. Additionally, the $167.7 million in
hospital costs is only a portion of the total economic bur-
den. The total of 32,564 days spent in hospitals by those
with HSI represents a substantial burden of indirect costs.
Improved and targeted awareness campaigns regarding the
health impacts of heat may reduce the burden of associated
healthcare costs.
Our analysis is limited in a few ways. First, the number of
HSI hospitalizations is likely to be underestimated. Prior
studies have identified HSI hospitalizations as we have,
based on either an ICD-9-CM code of 992 or E900 or both
[12, 52]. However, a limitation of this approach is that
health care providers must recognize that an individual’s
symptoms – that can be non-specific – are due to heat in
order for the condition to be coded as being heat-related.
Morbidity due to a variety of health conditions, including
renal, cardiac, and respiratory diagnoses can increase with
heat. A study of Medicare beneficiaries found that only a
small subset of excess heat-related hospitalizations were
coded with ICD-9 codes 992 or E900 [53]. Thus, although
these ICD-9 codes may be relatively specific for HSI they
may have limited sensitivity for the broad range of illness
exacerbated or caused by heat exposure when the role of
ambient heat is not recognized by clinicians. Therefore, the
estimated 8667 cases of HSI hospitalizations described here
are likely an underestimate of the burden of disease attrib-
utable to ambient heat in Illinois during 1987–2014. Due to
the low number of hospitalizations, we were provided
monthly aggregated data that limited the types of analyses
possible. We were could not consider a case-crossover ana-
lysis which would have been appropriate for this acute and
rare outcome. In addition, we did not have the statistical
power required to consider daily associations but needed to
aggregate by month. Therefore, we were not able to assess
lagged associations between temperature and hospitaliza-
tions for HSI but rather, were only able to assess monthly
associations. Second, maximum temperature exposure was
based on county of residence identified in the
hospitalization dataset. It is possible that heat exposure
may have occurred in a different county. However, this
would bias our results to the null and we expect this error
to be minimal in Illinois as neighboring counties do not ex-
perience significantly different temperature patterns. A
third limitation is the use of hospital charges to estimate
the direct medical costs of HSI hospitalizations. Billed hos-
pital charges are inflated above cost, and thus, do not ac-
curately capture the direct medical costs of HSI
hospitalizations in Illinois. Fourth, it is not known to what
degree general disparities in access to hospital care in rural
vs. urban areas may contribute to the differences in HSI
hospitalizations among Illinois counties.
Reduction of HSI risk in thinly population rural areas
may require different strategies than in urban areas, given
the low population density and high prevalence of agricul-
tural work. Input from emergency preparedness specialists
would be useful in identifying effective methods for alert-
ing people, particularly those working in agriculture, with
timely updates from local offices of the National Weather
Service. Such alerts might include reminders for rest,
water, and shade breaks. County health departments in
rural areas, organizations that address health and social
needs in rural areas, and agricultural extension offices
could identify cooling centers and promote their use if
such initiatives would be shown to be acceptable to local
communities. Educational initiatives for rural health care
providers could include methods to increase awareness
among residents, to increase fluid intake during hot wea-
ther. Given the high frequency of acute renal failure and
rhabdomyolysis, promoting fluid intake is critical, particu-
larly for those who engage in exertional activities. Preven-
tion efforts should account for U.S. National Climate
Assessment [54] projections of more frequent and extreme
heat events.
Conclusion
Our findings suggest that elevated temperatures may have a
differential impact in rural counties compared with urban
counties. Future research should be conducted at the indi-
vidual level to understand specific pathways of exposure,
such as occupational, that result in higher rates of HSI in
rural communities. Prevention of heat-related illness in
rural areas will require different strategies than urban areas,
given lower population densities and higher prevalence of
agricultural work. Collaboration among emergency man-
agement, community organizations, and local health
departments is needed to reduce HSI risk in rural counties.
Jagai et al. Environmental Health  (2017) 16:38 Page 8 of 10
Abbreviations
HSI: Heat-stress illness; ICD-9-CM: International Classification of Diseases, 9th
Revision, Clinical Modification; RUCC: Rural Urban Continuum Codes
Acknowledgements
The authors would like to thank the Centers for Disease Control and
Prevention for funding which made this study possible.
Funding
This study was funded by a Building Resilience Against Climate Effects Grant
from the Centers for Disease Control and Prevention (CDC UE1 EH001045).
Its contents are solely the responsibility of the authors and do not
necessarily represent the official views of the Centers for Disease Control and
Prevention or the Department of Health and Human Services.
Availability of data and materials
The datasets generated during and/or analyzed for the current study are not
publicly available since the hospitalization data utilized is not publically
available but are available from the corresponding author on reasonable
request and pending approval from the Illinois Department of Public Health.
Authors’ contributions
JSJ conducted the analysis and wrote the manuscript. EG and LN
contributed to the writing and editing of the manuscript. AS prepared the
maps for the manuscript. SD conceptualized the study and helped guide the
analysis. All authors read and approved the final manuscript.
Competing interests
All authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This work that involved the analysis of a dataset that had personal identifiers
removed or grouped into categories (such as age) was determined not to
involve human research subjects by the UIC Institutional Review Board
(Protocol 2013-0172).
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Division of Environmental and Occupational Health Sciences, School of
Public Health, University of Illinois at Chicago, Chicago, USA. 2Centers for
Disease Control and Prevention, Illinois Department of Public Health,
Chicago, USA.
Received: 3 August 2016 Accepted: 30 March 2017
References
1. Heat wave: a major summer killer. http://www.nws.noaa.gov/os/brochures/
heat_wave.shtml. Accessed 16 Jan 2016.
2. Argaud L, Ferry T, Le QH, Marfisi A, Ciorba D, Achache P, Ducluzeau R,
Robert D. Short- and long-term outcomes of heatstroke following the 2003
heat wave in Lyon, France. Arch Intern Med. 2007;167(20):2177–83.
3. Grogan H, Hopkins PM. Heat stroke: implications for critical care and anaesthesia.
Br J Anaesth. 2002;88(5):700–7.
4. Sanchez CA, Thomas KE, Malilay J, Annest JL. Nonfatal natural and
environmental injuries treated in emergency departments, United States,
2001–2004. Fam Community Health. 2010;33(1):3–10.
5. Noe RS, Jin JO, Wolkin AF. Exposure to natural cold and heat: hypothermia
and hyperthermia Medicare claims, United States, 2004–2005. Am J Public
Health. 2012;102(4):e11–8.
6. Mello JM, Richmond TC, Yohe GW, editors. Climate Change Impacts in the
United States: The Third National Climate Assessment. 2014.
7. Intergovernmental Panel on Climate Change (IPCC). Climate Change 2014:
Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects.
Contribution of Working Group II to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Field CB, et al., editors.
Cambridge and New York: Cambridge University Press; 2014. p. 1132.
8. Basu R, Samet JM. Relation between elevated ambient temperature and
mortality: a review of the epidemiologic evidence. Epidemiol Rev. 2002;
24(2):190–202.
9. Baccini M, Biggeri A, Accetta G, Kosatsky T, Katsouyanni K, Analitis A,
Anderson HR, Bisanti L, D’Ippoliti D, Danova J, et al. Heat effects on
mortality in 15 European cities. Epidemiology. 2008;19(5):711–9.
10. Curriero FC, Heiner KS, Samet JM, Zeger SL, Strug L, Patz JA. Temperature
and mortality in 11 cities of the eastern United States. Am J Epidemiol.
2002;155(1):80–7.
11. Conti S, Meli P, Minelli G, Solimini R, Toccaceli V, Vichi M, Beltrano C, Perini
L. Epidemiologic study of mortality during the summer 2003 heat wave in
Italy. Environ Res. 2005;98(3):390–9.
12. Kaiser R, Schwartz J, Gotway CA, Rubin CH. The effect of the Chicago 1995
heat wave on all cause and cause-specific mortality. Epidemiology. 2002;
13(4):S219.
13. Naughton MP, Henderson A, Mirabelli MC, Kaiser R, Wilhelm JL, Kieszak SM,
Rubin CH, McGeehin MA. Heat-related mortality during a 1999 heat wave in
Chicago. Am J Prev Med. 2002;22(4):221–7.
14. Palecki MA, Changnon SA, Kunkel KE. The nature and impacts of the July
1999 heat wave in the midwestern United States: learning from the lessons
of 1995. Bull Am Meteorol Soc. 2001;82(7):1353–67.
15. Semenza JC, Rubin CH, Falter KH, Selanikio JD, Flanders WD, Howe HL,
Wilhelm JL. Heat-related deaths during the July 1995 heat wave in Chicago.
New Engl J Med. 1996;335(2):84–90.
16. Vandentorren S, Suzan F, Medina S, Pascal M, Maulpoix A, Cohen JC,
Ledrans M. Mortality in 13 French cities during the August 2003 heat wave.
Am J Public Health. 2004;94(9):1518–20.
17. Weisskopf MG, Anderson HA, Foldy S, Hanrahan LP, Blair K, Torok TJ, Rumm
PD. Heat wave morbidity and mortality, Milwaukee, Wis, 1999 vs 1995: an
improved response? Am J Public Health. 2002;92(5):830–3.
18. Whitman S, Good G, Donoghue ER, Benbow N, Shou WY, Mou SX. Mortality
in Chicago attributed to the July 1995 heat wave. Am J Public Health. 1997;
87(9):1515–8.
19. Anderson GB, Bell ML. Heat waves in the United States: mortality risk
during heat waves and effect modification by heat wave characteristics
in 43 U.S. communities. Environ Health Perspect. 2011;119(2):210–8.
20. Hajat S, Kosatky T. Heat-related mortality: a review and exploration of
heterogeneity. J Epidemiol Community Health. 2010;64(9):753–60.
21. O’Neill MS, Zanobetti A, Schwartz J. Disparities by race in heat-related
mortality in four US cities: the role of air conditioning prevalence. J
Urban Health. 2005;82(2):191–7.
22. Basu R. High ambient temperature and mortality: a review of
epidemiologic studies from 2001 to 2008. Environ Health. 2009;8:40.
23. McGeehin MA, Mirabelli M. The potential impacts of climate variability
and change on temperature-related morbidity and mortality in the
United States. Environ Health Perspect. 2001;109:185–9.
24. Wang XY, Barnett AG, Yu W, FitzGerald G, Tippett V, Aitken P, Neville G,
McRae D, Verrall K, Tong S. The impact of heatwaves on mortality and
emergency hospital admissions from non-external causes in Brisbane,
Australia. Occup Environ Med. 2011;69(3):163–9.
25. Knowlton K, Rotkin-Ellman M, King G, Margolis HG, Smith D, Solomon G,
Trent R, English P. The 2006 California heat wave: impacts on
hospitalizations and emergency department visits. Environ Health
Perspect. 2009;117(1):61–7.
26. Golden JS, Hartz D, Brazel A, Luber G, Phelan P. A biometeorology study of
climate and heat-related morbidity in Phoenix from 2001 to 2006. Int J
Biometeorol. 2008;52(6):471–80.
27. Li M, Gu S, Bi P, Yang J, Liu Q. Heat waves and morbidity: current knowledge and
further direction-a comprehensive literature review. Int J Environ Res Public
Health. 2015;12(5):5256–83.
28. Buckley JP, Richardson DB. Seasonal modification of the association
between temperature and adult emergency department visits for
asthma: a case-crossover study. Environ Health. 2012;11:55.
29. Soneja S, Jiang C, Fisher J, Upperman CR, Mitchell C, Sapkota A.
Exposure to extreme heat and precipitation events associated with
increased risk of hospitalization for asthma in Maryland, U.S.A. Environ
Health. 2016;15:57.
30. Calkins MM, Isaksen TB, Stubbs BA, Yost MG, Fenske RA. Impacts of extreme
heat on emergency medical service calls in King County, Washington,
Jagai et al. Environmental Health  (2017) 16:38 Page 9 of 10
2007–2012: relative risk and time series analyses of basic and advanced life
support. Environ Health. 2016;15(1):13.
31. Hartz DA, Brazel AJ, Golden JS. A comparative climate analysis of heat-
related emergency 911 dispatches: Chicago, Illinois and Phoenix, Arizona
USA 2003 to 2006. Int J Biometeorol. 2013;57(5):669–78.
32. Ng CF, Ueda K, Ono M, Nitta H, Takami A. Characterizing the effect of
summer temperature on heatstroke-related emergency ambulance
dispatches in the Kanto area of Japan. Int J Biometeorol. 2014;58(5):941–8.
33. Basu R, Pearson D, Malig B, Broadwin R, Green R. The effect of high ambient
temperature on emergency room visits. Epidemiology. 2012;23(6):813–20.
34. Fuhrmann CM, Sugg MM, Konrad 2nd CE, Waller A. Impact of Extreme Heat
Events on Emergency Department Visits in North Carolina (2007–2011). J
Community Health. 2015;41(1):146–56.
35. Mayner L, Arbon P, Usher K. Emergency department patient presentations
during the 2009 heatwaves in Adelaide. Collegian. 2010;17(4):175–82.
36. Saha S, Brock JW, Vaidyanathan A, Easterling DR, Luber G. Spatial variation in
hyperthermia emergency department visits among those with employer-
based insurance in the United States–a case-crossover analysis. Environ
Health. 2015;14:20.
37. Centers for Disease Control and Prevention (CDC). Heat-related deaths
among crop workers—United States, 1992–2006. MMWR Morb Mortal Wkly
Rep. 2008;57(24):649–53.
38. Fortune MK, Mustard CA, Etches JJ, Chambers AG. Work-attributed illness
arising from excess heat exposure in Ontario, 2004–2010. Can J Public
Health. 2013;104(5):e420–6.
39. Spector JT, Krenz J, Rauser E, Bonauto DK. Heat-related illness in Washington
State agriculture and forestry sectors. Am J Ind Med. 2014;57(8):881–95.
40. Sugg MM, Konrad 2nd CE, Fuhrmann CM. Relationships between maximum
temperature and heat-related illness across North Carolina, USA. Int J
Biometeorol. 2016;60(5):663–75.
41. Fechter-Leggett ED, Vaidyanathan A, Choudhary E. Heat Stress Illness
Emergency Department Visits in National Environmental Public Health
Tracking States, 2005–2010. J Community Health. 2016;41(1):57–69.
42. Hospital Discharge Database: Database Description. http://app.idph.state.il.
us/emsrpt/hospitalization.asp. Accessed 16 Jan 2016.
43. Census 2000 Gateway. http://www.census.gov/main/www/cen2000.html.
Accessed 5 Jan 2015.
44. U.S. Department of Agriculture (USDA): Rural-Urban Continuum Codes.
http://www.ers.usda.gov/data-products/rural-urban-continuum-codes.aspx.
Accessed 5 Jan 2015.
45. Midwest Regional Climate Center (MRCC). Data and Services: Data Types.
http://mrcc.isws.illinois.edu/data_serv/dataTypes.jsp. Accessed 5 Jan 2015.
46. United States Department of Labor. Bureau of Labor Statistics, Databases,
Tables & Calculators by Subject. http://data.bls.gov/timeseries/
CUUR0000SAM?output_view=pct_12mths. Accessed 15 Nov 2016.
47. Hess JJ, Saha S, Luber G. Summertime acute heat illness in U.S. emergency
departments from 2006 through 2010: analysis of a nationally representative
sample. Environ Health Perspect. 2014;122(11):1209–15.
48. Isaksen TB, Yost MG, Hom EK, Ren Y, Lyons H, Fenske RA. Increased hospital
admissions associated with extreme-heat exposure in King County,
Washington, 1990–2010. Rev Environ Health. 2015;30(1):51–64.
49. Pillai SK, Noe RS, Murphy MW, Vaidyanathan A, Young R, Kieszak S,
Freymann G, Smith W, Drenzek C, Lewis L, et al. Heat illness: predictors of
hospital admissions among emergency department visits-Georgia, 2002–
2008. J Community Health. 2014;39(1):90–8.
50. Bobb JF, Obermeyer Z, Wang Y, Dominici F. Cause-specific risk of hospital
admission related to extreme heat in older adults. JAMA. 2014;312(24):2659–67.
51. Knowlton K, Rotkin-Ellman M, Geballe L, Max W, Solomon GM. Six climate
change-related events in the United States accounted for about $14 billion
in lost lives and health costs. Health Aff. 2011;30(11):2167–76.
52. Choudhary E, Vaidyanathan A. Heat stress illness
hospitalizations—environmental public health tracking program, 20 States,
2001–2010. Morb Mortal Wkly Rep Surveill Summ. 2014;63(13):1–10.
53. Gronlund CJ, Zanobetti A, Schwartz JD, Wellenius GA, O’Neill MS. Heat, heat
waves, and hospital admissions among the elderly in the United States,
1992–2006. Environ Health Perspect. 2014;122(11):1187–92.
54. Luber G, Knowlton K, Balbus J, Frumkin H, Hayden M, Hess J, McGeehin M,
Sheats N, Backer L, Beard CB, et al. Ch. 9: Human Health. Climate Change
Impacts in the United States: The Third National Climate Assessment, J. M.
Melillo, Terese (T.C.) Richmond, and G. W. Yohe, Eds., U.S. Global Change
Research Program; 2014. p. 220–56.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Jagai et al. Environmental Health  (2017) 16:38 Page 10 of 10
